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INTRODUCTION 


Nonsmokers may be exposed to measurable amount* of tobacco 
■moke in indoor environments such as offices; public areas such 
ss shopping centsrs, bars snd restaurants; and private 
residences, particularly if the ventilation is poor. This 
passive exposure to environmental tobacco smoke (ETS) is pi 
concern because several epidemiological studies have indicated 
that ETS exposure may incraase tha risk of lung cancer 0,2). 

The magnitude of a possible excess lung cancer risk for 

♦ 

nonsmokers from ETS exposure Is therefore of interest. 

S3 


Cofrrtffcl C IWi Sr Mart* DMktf. 



Source: https://www.industrydocuments.ucsf.edu/docs/lxvjOOOO 
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R^pace and Lowrty (3) develop ft "phenomenological model* 
which *?t i mates art annual excess risk from ETS expoaurt of 7.4 
lung cancer death* {LCD)/100,000 nonsmokers 35 fears of age and 
over. The risk calculation la limited to individuals 35 years of 
age and over becau8e only 0.26% of lung cancer deaths in 1980 
occurred among individuals less than 35 years of age (4). This 
eicess risk, applied to an estimated O.S. population of 62.4 
million nonsmoker* , 35 years of age and over, predicts 4,655 
nonsmoker lung cancer death* from ETS exposure. The category 
•nonsmoker* include* both ex-amoker* and life-long never 
jmoker s. 

Rppace and Lovrey’a phenomenological estimate of the lung 
cancer risk from ETS exposure has been videly accepted in the 
U. 5 . and Canada (5), Yet, the estimate is based on several 
unrealistic assumptions and on unstable data that warrant closer 
examination. It is the purpose of this review to examine several 
problems with the phenomenological model and to evaluate £%»• * 
reliability of the lung cancer risk estimates derived frbm it. 

THE_PM CNQHEN01^OGICAL model 

Pepace and LowrVy’a phenomenological model extrapolates from 
the ohserved (hence phenomenological) result* of a atudy on a 
special group of never smokers to the entire U.S. population of 
nonsmokers. The calculations use lung cancer incidence data from 
" cohnrt 8tud 7 b 7 Phillips et al (6,7) of California Seventh Day 
Adventist (SDA) never smokers and a second cohort of California 
never smokers. The SDA cohort of never smokers were followed 
prospectively from i960 until mld-1972 and the comparison never 
smoker cohort, from the American Cancer Society (ACS) 25-atat# 
study, vas followed from i960 to the end of 1976. 
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The atudy by Phillips et al does not examine the association 
between ETS exposure and lung cancer, nor Is any Information 
obtained on ETS exposure. However, the SDA group was probably 
less exposed to ETS ttian the nonSDA group because le*» than two 
percent of the SDAs were self-reported smoker* as a result of 
the church proscription against smoking. Consequently, SDA never 
smokers are not likely to be exposed to ETS in church operated 
businessea, in their own homes, or In the home* of other church 
members. 

Table 1 gives, for both SDA and nonSDA never smokers, the 
observed number of lung cancer deaths and the lung cancer death 
rate per 100,000 person-years for each 5-year age group starting 
from age 35. The age standardised relative risk of lung cancer 
for the SDA men and women compared to the nonSDA men and women 
is 1.73 and 2.54, respectively. 

Pepace and Lowrey assume that ell of the difference in the 
lung cancer risk between SDA and nonSDA never smoker* is cauaed 
by a difference In exposure to ETS. They estimate the lung 
cancer risk from ETS exposure in the following manner, first, 
the age-specific lung cancer risks for SDA never smokers are 
subtracted from the comparable risks for nonSDA nev*f smokers, 
ror example, the lung cancer death rate for nonSDA never smoking 
women 85 years of age and over is 126.73 per 100,OQO (Table 1, 
column 5), while the rate for the comparable group of SDA women 
Is 22.54 (Table I, column 3). The difference, 104.19 
LCD/100,000, Is attributed entirely to ETS exposure. Second , the 
age-tpaciflc differences in risk for men and women are weighted 
In order to derive a single age-specific risk estimate, for 
example, the difference between SDA and nonSDA *en over 05 Is 
' 40.96 LCD/100,000. The combined average for the over 85 age 
group, weighted by the number of person-year* of observation for 


Source: https://www.industrydocuments.ucsf.edu/docs/lxvj0000 
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TABLE I 


lung C0nt»rdeaths and the lung oncer d oth rate 

per 100,000 person-y ” 

AdvgntiSt 


umn» mo £. __r nq _ pncer qg RtH fi 
rpn^yeart (Icp/Tfttt.TTOft) tor Seventh Day" ' 
(SPA? and nonSDA never smokers (1) 


men 


SDA 


nonSDA 


Aq? 

35-39 
ID- H 

<5- 49 
50-54 
55-59 
60-64 
65-69 
70- 74 
75-79 
P0- P4 
fl V 


« Deaths* LCD/tOO,000 I Deaths* LCD/100,000 


0 

0 

0 

0 

10.B0 
1 1.44 
46.04 
17,53 
0 

28.89 

70.73 


0 

0 

0 

S. 10 
B.39 
20.40 
56.72 
0 

30.50 
1 13.73 
119.69 


WOMEN 


SDA 


SD^ 


Aq? 


Deaths* LCD/100,000 t Deaths* 


LCD/100,000 


35-39 0 

40-44 0 

45-49 0 

50-54 l 

55-69 1 

60-64 \ 

65-69 1 

70- 7 4 0 

75-79 , 

R0-FU Q 

85 * 2 


0 

0 


0 

0 

1 


6.07 

0 

2 


5.22 

4.51 

4 


6.49 

4.05 

8 


1 1,22 

4.58 

7 


10.76 

4.92 

4 


7.19 

0 

9 


20.34 

5.32 

10 


34.19 

57.87 

6 


39.21 

22.54 

10 


126.73 


*The actual number of observed deaths is estimated fro* Repace 
and Lnvrey'a figures, which were adjusted for the effect of 

outmigration. 
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■ten and Roman, is 92.6 LCD/100,000. Third , the average rift 
estimates for both sexes combined are applied to the estimated 
population distribution of the 62.4 million nonsmokers 35 years 
of age and over in the 0.5. in 1900, which Is assumed to be the 
same as the age distribution of the entirtJJ.S, population in 
1974. For example, the excess lung cancer risk from RTS exposure 
of 92.6 LCD/100,000 men and women 55 years of age and over, 
combined, is applied to the estimated 981,164 nonsmokers over 85 
in the U.5. in »980, This predicts 909 excess lung cancer deaths 
in this age group ((92.6 i 901,164)/100,000), fourth , the excess 
lung cancer deaths for all age groups over 35 are suwweed. This 
adds up to 4,655 excess lung cancer deaths among the 62.4 
million nonsmokers, which gives an annual risk from ETS exposure 
of 7.4 LCD/100,000 nonsmokers 35 years of age and over, 

PROBLEMS WITH THE PHENOMENOLOGICAL MODEL 

There are three problems with Repace and Lovrey’s 
phenomenological model, f 

1. The lung cancer risk estimates derived from the SDA study 
are based on very fee observed deaths and are unstable. 

2. The apparent differences in lung cancer mortality between 

SDA and nonSDA never smokers may be due to a variety of 
factors other than ETS exposure. * 

3. A number of assumptions and calculations are made that are 
clearly incorrect, 

1. Stability of the Model 

The reliability of Repace and Lowrey’s phenomenological 
model la Strongly dependent upon the accuracy of the 


Source: https://www.industrydocuments.ucsf.edu/docs/lxvj0000 
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aqp-?neciric lung cancer death rate* calculated for the SDA and 
nonSDA never smokers. However, the SDA lung cancer death rates, 
in particular, are not likely to be accurate because they art 

based on a small number Of observed lung cancer deaths. 

.'h 

There were only 10 lung cancer deaths among the SDA sen (the 
difference In risk between SDA and nonSDA men Is not, In fact, 
statistically significant) and 15 deaths among the SDA women 
(6). The age-specific risks for 9 out of the 22 age groups art 
based on only one lung cancer death and there were no lung 
cancer deaths in an additional nine of the age groups. 
Consequently, the age-specific rates for SDA men and women 
varied widely, at shown In column 3 of Table I. For example, the 
lung cancer death rate for SDA women over 85 was less than half 
the rate for the preceding age group, This decline of lung 
cancer risk with sge must be due to random # or other errors, 

because lung cancer death rates invariably increase.with sge 

* 

The small number of lung cancer deaths observed for the SDA 
cohort may be partly attributable to a lack of hiatopathologlcal 
verification and Incomplete follow-up. These two problems did 
not o'-cur in the rronSDA cohort, which stay partly explain the 
)nrg** difference in the lung cancer rates between the two 
cohorts. The SDA cohort was also relatively small so that few 
lunq cancer deaths would be expected. Random fluctuations in the 
numb*r of observed lung cancer’ deaths would result in large 
differences In the age-specific lung cancer death rates. 
Therefore, these rates are wery unstable. 

The phenomenological model Is very sensitive to srrors In 
the estimated lung esncer death rates for SDA never smokers. For 
example, adding one lung cancer death to the 70-71 year age 
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group for SDA women results in 183 fewer estimated deaths per 
year in the U.5., according to the method used by Repace and 
Lowrey (3). A second example concerns the over 85 age group. As 
noted above, the observed lung cancer death rate of 22.5 
LCD/100,000 SDA women 85 yean of age and-Older is not likely to 
be correct, and is probably a large underestimate of the true 
rate, This underestimate it responsible for a significant 
proportion of all lung cancer deaths attributed to ETS exposure. 
909, or 19.5k, of the estimated 4,655 excess lung cancer deaths 
in the 0.S. among all nonsmokers 35 years of age and over occur 
among individuals over 85 years of age. The majority of these 
deaths are attributable to the estimated risk for women over 85 
because of the large difference of 104.2 LCD/100,000 between the 
rate of 22,5 LCD/100,000 SDA women and 126,7 LCD/100,000 nonSDA 
women in this age group. An increase in the lung cancer death 
rate for SDA women over 85 years of age to a rate greater than 
that observed for women between 80-84 years of age (57,9 
LCD/100,000) would decrease the difference between the SDA and 
nonSDA cohorts and consequently decrease the predicted risk and 
number of deaths attributable to ETS exposure. 

For several age groups, the phenomenological model predicts 
more lung cancer deaths among never smokers as a result of 
exposure to ET5 alone than a reasonable estimate gf the total 
number of lung cancer deaths from all causes, as shovn in Table 
II for men and Table III for women. The number of expected lung 
cancer deaths is obtained by multiplying the age-specific lung 
cancer death rates from ETS exposure alone (column 3) or from 
all causes (column 5) by an'estimate of the number of never 
smokers in each age and sex category (column 2). The latter is 
obtained by combining the 1979/1980 Health Interview Survey 
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(his* estimates of the proportion and age and sex distribution 
of nrver smokers with the U.S. Census estimate of the population 
35 y^ars of age and over in 1980 (10,11), The estimated number 
of lung cancer de^the^Xrom ETS exposure alone is given in column 
4 of each table. The all causes estimate uses the lung cancer 
death rates observed for never smokers in the ACS 25-state study 
(8), The estimated number of lung cancer deaths from all causes 
Is given in column € of each table. 

The phenomenological model estimates fever male never smoker 
lung cancer deaths from ETS exposure than the estimated number 
oT deaths from all causes. Hovever, for women, the model 
estimates almost the same number of lung cancer deaths from RTS 
eipo^ure than from all causes for the age group 70-74 and more 
deaths from ETS exposure than from all causes for the age groups 
4Or«4, 4 5- 4 9, 55r59 and B5+, Tor example, the estimate of 1,069 

female deaths attributable to ETS exposure In the 85* group Is 

h 

almost twice the estimate of 539 deaths from all cauaes. The 
fact that the phenomenological model predicts, for several age 
groups, more lung cancer deaths from ETS exposure alone than 
from all causes indicates that the death rates used in the model 
arr unreliable indicators of the real risk associated with ETS 
exposure. 

7. ot her Causes for the Difference in Risk Between SPA and 
Hpn SD A Nonsmokcra 

Repace and Lowrey's phenomenological model assumes thst ill 
of the difference In lung cancer Incidence between the SDA and 
nonsru never smokers is csused by ETS exposure. This assumption 
does not allow for other possible confounding factors, such as 

S9SCTSC202 
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differences between the SDA end nonSDA cohorts in diet or 
exposure to occupational carcinogens. 

The possibility of confounding by occupation, though 
possible, cannot be assessed. Phillips et al (6,7) did not 
determine the occupational distribution oT^SDA and nonSDA never 
smokers because occupation was coded differently for the two 
groups. Occupation would affect the estimated risks if a higher 
proportion of the nonSDA versus SDA never smokers were 
blue-collar workers exposed to carcinogens at work. 

Confounding by diet is probable. A low rate of consumption 
of vegetables or foods containing retinoids has been linked to 
an increased lung cancer risk (12-15). The SDAs are known to 
follow a lacto-ovo vegetarian diet and this may reduce their 
risk for many types of cancer, both through a decreased intake 
of fats and an increased consumption of vegetables, eggs, end 
milk high in retinoids or vitamin A. Therefore, the low lung 
cancer Incidence among the SDA never smokers may be due to 
dietary factors such as an above averaqe consumption of 
retinoids. A possible dietary cause for the difference in the 
lung cancer risk between the SDA and nonSDA never smokers is 
supported by the lower risks for colon-rectal and breast cancer 
observed for the SDA group. Several studies have found that diet 
may be a risk factor tor colon-rectal 06) end brjaat cancer 
(17). There was a statistically significant decrease in the 
relative risk (RR) of breeat cancer (RR - 0.80 and colon-racta 1 
cancer (RR * 0.56) for SDA women never smokers compered to the 
nonSDA women never smokers (6). The relative risk of 
colon^recta1 cancer for SDA men was also below 1,0 but was not 
statistically significant. 


Source: https://www.industrydocuments.ucsf.edu/docs/lxvjOOOO 
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3 . Ot Krr Errors 


'•'here are three instances where Repace and Lowrey Mitt 
inappropriate assumptions. 

i . Prpace and Lowrey .^correct ly assume that nonsmokers have 

tha same sex and age distribution as the entire U.S. white 

population, A comparison between the 1979/1980 HIS data and 

U.s. Census data (10) shows that the age distribution of the 

U.s. nonsmoking population Is skewed towards the older age 

classes, as shown in Table IV. For example, 25,38% of mala 

nonsmokers 35 years of age and over are between the ages of 

35 and 44 compared to 28,76% of all U.S. males 35 years of 

aqr and over and 10.5% of nonsmoking males are 75 yeara of 

nqe or over compared to 8,1% of all U.S. males. 

?. Prpace and Lowrey combine both sexes, instead of calculating 

the expected number of deaths for each sex separately. The 

latter is required, as the age distribution of female newer 

h 

and nonsmokers Is different from the comparable 
distributions for men, as shown in Table IV, 

3. Prpace and Lowrey estimate the excess lung cancer deatha 
from ETS expoiure for nonsmoktrs (ex- and newer amokera 
combined). Thim should not be done because tHe difference in 
lung csncer death rates between the SDA and nonSDA group it 
for *f?rr smokers only. The excess risk for ex-smokers fro« 
exposure to RTS may differ from the riak for newer smokers 


either because of their prewlous smoking habikfor because 
ev*r smokers are more likely than newer smokers to be 
exposed to carcinogens at work (10). 




1MDEPEMPEWT SUPPORT FOR THE PHEHOMEMQLOCI CAL MODEL? 


Tbr phenomenological model, based on only 25 lung cancar 
deaths Among never smoking men and women SUM combined, provides 
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TABLE IV 

1979/1980 HIS estimates of the age d1strIbut1ona of newer 
and nonsmokers an3 ~~ the U.S, Census estimate 
fg£ adulFi T5~ years ot age and over 


MEM 


Age 

Never 

HIS 

Nonsmoker 

u.s. 

Census 

All 

35-44 

31.00 

25.38 

28.76 

45-54 

21.47 

23,01 

24.80 

55-64 

19.15 

22,40 

23.00 

65-74 

16.56 

18,66 

15.34 

75-84 

9,24 

8.44 

6.54 

85* 

2,54 

2.06 

1 .56 

WOMEN 

Age 

Hewer 

HIS 

Nonsmoker 

U.S. 

Census 

All 

35-44 

21,70 

23.09 

25.38 

45-54 

21,25 

21.67 

22.67 

55-64 

21.25 

21.92 

22.34 

65-74 

19.40 

19.21 

17,10 

75-84 

12.78 

11,14 

9.46 

85 + 

3.56 

2.^2 

3.05 


an unstable estimate of the lung cancer risk for nonemokers es • 
result of ETS exposure. Repace and Lowrey, though not directly 
addresalng thLs problem, uae corroborative evidence to defend 
the estimated annual riak of 7.4 LCD/100,000. They jrgue that 
their findings are supported by 1) the results of a linear 
extrapolation model, after adjusting for the nonsmoker** retained 
ETS dose ahd 2) a sensitivity analysis of the ACS study on ETS 
exposure and lung cancer (8), 


1. Linear Extrapolation Model < 

Monsmoker lung csncer risks from ETS exposure can be 
calculated by using a linear extrapolation model. This method 


Source: https://www.industrydocuments.ucsf.edu/docs/lxvjOOOO 
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estimates the risk for nonsmokers by dividing the lung cancer 
risk for current smokers by the ratio between the smoker's and 
nonsmoker’s average exposure. The linear aiodel requires 
estimates of several parameters such as the number of nonsmokers 

. ‘ft •-"»!» 

and current smokers In the U.S, and their average dally exposure 
to RTS. The linear extrapolation model also requires three 
assumptions, i) that it is valid to derive the lung cancer risk 
for nonsmokers exposed to emblent RTS fro* the observed risk 
smokers exposed to directly inhaled tobacco smoke|f2) that there 
is a linear relationship between risk and each unit of exposure, 
and 3) that no threshold exists at very low exposures where the 
risk fnlls to zero. 

Prpace and lovrey (3) pioneered the development of the 
linear model for estimating nonsmoker lung cancer risks from RTS 
exposure. Their linear extrapolation calculation estimates a 
lung cancer risk for nonsmokera of 0.03 LCD/100,000 from RTS 
exposure. This la >ign1fleantly lover than the phenomenoAglcal 
model s estimate of 7,4 LCD/100,000. Repace and Lowrey argue 
that the difference between the two riak estimates can be 
explninfd by the difference between the nonsmoker's inhaled 
exposure and the e<pjlllbrlum RTS dote. 9 

The inhaled exposure it based on the amount of RTS Inhaled, 
vhereas the equilibrium dote calculates the steady-state burden 
of particulate RTS in the lungs from the inhaled exposure. The 
following equation calculates the equilibrium dose (3)t 

Equilibrium dose • DnSr, 

vhere Dn equals the inhaled exposure in milligrams (mg); 0 
equaU the deposition fraction for tobacco amoke particulates in 
the lungs? and r equals the mean life for pulmonary clearance, 

&9SCT5CS02 


which is assumed to be 101 days. The deposition fraction for 
nonsmokers has been empirically estimated to be appro*irately 
11% (19). Repace and Lowrey estimate that the equilibrium dose 
for the average nonsmoker inhaling 1,43 mg/day is 16 mg/day 
(1,43 mg x .11 x 101), which is 1/34th of their estimate of the 
average smoker's dally Inhaled exposure of 544 mg. Repace and 
Lowrey's estimate of the lung cancer risk for current smokers is 
315.6 LCD/100,000. Therefore, the linear model predicts a lung 
cancer risk for never smokers of 9,28 LCD/100,000 (315.6/34), 
Accordingly, the risk estimates derived from the linear and 
phenomenological models trt approximately the same, with the 
phenomenological model providing the lover risk estimate. 

In fact, Repace and Lowrey's adjustment of the linear model 
is based on an Incorrect comparison between tvo completely 
different estimates of exposure. The expourt of smokers Is 
compared to the t fvf/f krI am rfeir of nonsmokers, Obviously, the 
correct comparison is either between the smoker and nonsmoker’s 
Inhaled exposure or between the smoker and nonsmoker’s 
equilibrium dose. An estimate of the lung cancer risk for 
nonsmokers, using the linear model and the equilibrium dose, can 
be determined using an estimate of the depeeition fraction for 
smokers. 

The deposition fraction tor smokers has been -Vrpirically 
estimated to be between 70% and 96% (19-22). We will assume an 
average retention rate of 80% for smokers. The equilibrium dose 
for smokers, using Repace and Lowrey's estimate of the inhaled 
exposure for smokers of 544 mg, Is 43,955 mg ( 544 x 0.00 x id). 
Therefore, nonsmokers have only 1/2,747th of the smoker’s 
equilibrium dose (43,955/16) end, consequently, only 1/2,747th 
of the smoker’s lung cancer rate, or 0,11 LCD/i00,000 
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n 15 .f>, 74?). Instead of supporting the phenomenological 
rstim*i»e, the use of the equilibrium dose In the linear model 
$iqnjfirent 1y decreases the likelihood that the phenomenological 
*odel provides a re^UJ^# estimate of the average risk for 
nonsmokers from ETS exposure, 

?. Sensitivity Analysis 

Repace and Lowrey (3) conduct a sensitivity analysis to 
explain the difference in the results of two cohort studies, one 
in japan and one in the O.S, r of female nonsmokers married to 
smokers. The sensitivity enalysis uses sn estimate of risk per 
I mg of exposure to tobacco smoke particulate that is based on 
the phenomenological model. Gerfinkel's (8) analysis of the ACS 
data for 176,731 American women followed from i960 until 1971 
finds a statistically nonsignificant Increased relative risk of 
i.?0 for never smoking women married to smokers. Conversely, * 
Hirsyama’* ( 23 ) *tudy of 91,540 Japanese vomen followed from 
'966 to i98» finds e statistically significant increased 
relative risk of 1.78, which is closer to the relative risk of 
1.73 for men and 2.54 for women on which the phenomenological 
model is based. 

Rrpnce and Lowrey auggest that the ACS relative risk is 
unrealistically low and actually results from confounding with 
workplace exposure, which they estimate to contribute four times 
»s much exposure to RTS ss the home environment. The ACS Study 
does not include workplace exposure as a factor in deciding 
"postil status, Nonsmoking women married to smokers are defined 
" 5 exposed, whereas nonsmoking women married to nonsmokers are 
d**f in*d as unexposed. Repace and Lowrey estimate that 38 percant 


of the original unexpoaed and exposed ACS women worked outside 
the home and were therefore exposed to ETS at work. 

Repace and Lo*rey's sensitivity analysis recalculates the 
ACS results using an estimate of the lung cancer risk per 1 mg 
of ETS exposure and an estimate of the amount of home and 
workplace exposure recieved by the original ACS exposed and 
unexposed cohorts. The lung cancer risk per 1 mg of exposure is 
estimated by combining the phenomenological model’s estimated 
risk of 7,4 LCD/100,000 with an estimated average dally exposure 
to 1.43 mg of ETS, This estimates a risk of 5 LCD/100,000 per mg 
of exposure. The excess lung cancer risk from ETS exposure for 
each of four exposure categories * women not exposed at home or 
at work, women exposed at work only, women exposed at home only, 
and women exposed at home and at work - is determined by 
multiplying the estimated exposure by the risk of 5 LCD/i00,000 
per mg of exposure, Por example, Repace and Lowrey estimate that 
employed women are exposed to 1.82 mg/day and women who live 
with a smoker are exposed to 0.45 mg/Aay. Therefore, women who 
both work and live with a smoker are exposed to 2.27 mg/day for 
an excess risk of 11.35 LCD/100,000 (2.27 x 5). The excesx risk 
from ETS exposure Is added to the background lung cancer risk in 
the absence o( any exposure In order to construct an expected 
death rate for each of the four exposure categories^ The lung 
cancer death rate of 8.7 per 100,000 person-years found in the 
Japanese cohort study for nonsmoking women married to nonsmoking 
t»en is used as the base lung cancer rate in the absence of 
either work or home exposure to ETS, 

The relative risk of 1.19 for women vho live with a smoker 
wersus those who do not, determined after the adjustment for 
work exposure and the use of the phenomenological model’s 
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fjstimaie of risk, is only marginally different from the original J 

'unadjusted’ risk of t,20. According to Repace and Lowrey, this 
indicates that the estimated risk from the phenomenological 
model is a good est^matV of the true risk in this cohort study. 

Problems with the sensitivity analysis 

Repace and Lovrey’s sensitivity analysis is dependent upon 
i) the applicability of the background lung cancer death rate in 
the absence of smoking and 2) the relative importance of 
exposure at work versus exposure at home, 

I T hr background risk 

The use of the risk of 8,7 LCD/100,000 Japanese women 
nonsmokers as an estimate of the background risk In the 
Garfinkel study Is inappropriate. Repace and Cowrey note that 
the risk of 8,7/tOO, 000 is an •age-adjusted 1 risk, but tt hi * 
odi*iird 10 tht Iff it 99 ft butt on pf fbt kpibomit of tho Joponest 
frmoir *on$mokrrt pni not to I Af ACS VMM ir ri$k. It is 
unlikely that the tge distribution of Japanese male nonsstokers 
is the same as the age distribution of American female 
nonsmokerS, 

The age distribution of the entire ACS population of 
nonsmoking women Is available and can be compered against the 
sge distribution used In Hirayama's study. Both distributions 
are giv* n in Table V, if « v assume that the age distribution of ( 

nonsmoking women married to nonsmokers In the ACS study is ! 

similar to the age distribution of all nonsmoking ACS women, it 
is possible to apply the age-specific lung cancer death rates 
from the Japanese study to the ACS population distribution, as 
shown jn Table VI. The background lung cancer death rate Is 
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TABLE V 

Age distribution of 375.381 nonsmoking women at the gtert _of 
t he ACS^Vtudy and Thy-nonsmok i ng husbands ~oy 21 ,89b 
HoronoVinq women at the start of the_,Hj_r_ayama stud* 


AGE 

ACS (24) 

Hlrayama (1) 




. 

under 49* 

0.3374 


0.2845 

50-59 

0.3278 


0.3558 

60-69 

0.2201 


0.3252 

70* 

0.1147 


0.0345 

* ACS population starts at 30 
population of husbands at <0 

years of age and 
years of age* 

the Hlrayama 


TABLE VI 


Estimated 

lunq cancer death i 

rate (LCD/i00,000) 

for nonsmoking 


from the ACS study 

(8 ) aft ff-usmq t n e n u s Da n g - 

^•'crwrllic rTsks-rox nonsmoking women from 

H j ra yama \ t/ 

AGE 

Hirayamai hi 

LCD/l00,00G* 0 

ge Distribution 

L ACS nonsmokers 

Expected LCD'8 

under 49 

4.01 

* 

0.33*74 

1 .35 

50-59 

8.02 

0,3278 

2.63 

60-69 

15.80 

0.2201 

.3.48 

70 + 

41.39 

0,1147 

4,75 


Total LCD/100,000 
Aoe-SDeclfic LCD/100,000 parson years, adjusted f 


12.21 




subsequently increased from 8.7 to 12.21 LCD/100,000. This is 
similar to the rate for all nonsmoking ACS women of 
approximately 13 / 100 , 000 , which indicates that there is no 
increase in risk in the ACS study from ETS exposure. 
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The background risk of 12.21 LCD/100,000 can be used in the 
sensitivity model, keeping In wind that the model it extremely 
insensitive to large difference* in risk. For example, the ute 

of the phenomenological estimate of the excess lung cancer risk 

'W - ,p *> 

from ETS exposure results in a 1% difference between the 
adjusted relative risk of 1.19 and the observed relative risk of 
i.?0. Decreasing the estimate of the excess risk 6.3-fold only 
increases the difference between the adjusted and observed 
relative risks by 17%. A change in the background riak from 8,7 
LCD/i00 ( 000 to 12,21 LCD/100,000 Increases the difference 
betvrpn the adjusted and observed relative risk froei 1,0% to 
4.64. which is a significant change considering the 
1nspn^itiv i ty of the sensitivity analysis. This indicates that 
the estimate of risk fro* the phenomenological model is a poor 
indicator of the true risk In the ACS population. 

The use of the background lung cancer rate from the Japanese 
study is also questionable. It assumes that none of the Japanese 
women worked. Accordingly, it is unnecessary to adjuet their 
baseline lung cancer death'rate for workplace expoaure to RTS. 
in fact, between 31% and 34% of Japaneat women worked In paid 
employment durlng*tht time period of the Hirayafa study (25), 
and i5t of Japanese women smoked (26). Therefore, some workplace 
eiposure must have occurred from exposure to the tobacco smoke 
of fellow male and female employees, 

2 Adj vi \ment for work txposoro 

The sensitivity analysis is dependent upon Repace and 
Lowrey's estimate, based on an exposure model, that workplace 
exposure accounts for 80.4% of the total daily average exposure 
to ETS, while home exposure accounts for only 19.6%, However, 
there is no independent supporting evidence for Repace and 
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Lowrey’* estimate on the relative importance of workplace versus 
home exposure from interview data (27) or from epidemiological 
studies. Hone of the four epidemiological studies which 
specifically examine the effect of exposure of women to RTS at 
work finds a statistically significant tnerease in risk 
(15,28-30). 

DISCUSSION AND CONCLUSIONS 

Other than Repace and Lowrey*s phenomenological model, two 
methods are available for eatimatlng the lung cancer risk or 
number of lung cancer deaths among nonsmokers from ETS exposure. 
These methods consist of l) a downward extrapolation from the 
risk for smokers and 2) the population attributable risk (PAR) 
equation (31). 

The linear extrapolation model was developed by Repace and 
Lowrey (3) and has been further refined by Arundel et el (32), 

As shown above, Repace and Lowrey’s linear model does not 
support the results of the phenomenological model. In addition, 
the risk estimate of 0,83 LCD/100,000 nonsmokers, determined by 
Repace and Lowrey from the linear model, Is inaccurate. This if 
because their linear model overestimates the average nonsmoker's 
exposure to ETS and the average current smoker’s lung cancer 
.risk. For example, the latter is estimated by Repace and Lowrey 
after assuming that all lung cancer deaths among ever smokers 
(ex- and current combined) occur only among current smokers. 

TMs results in a significant overestimate of the lung cancer 
risk for current smoker* snd, subsequently, for never smokers. 

The linear model developed by Arundel et al (32) estimates a 
lung cancer risk from ETS exposure for both sexes combined of 
0.022 LCD/100,000, This estimate is based on the equilibrium 
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dose. However, the calculation! by Arundel et al, at do thoae by 
Repace and Lovrey, reit on several assumptions that may not b# 

tenable. 

The large difference In the linear estimates by Repace and 
Lovrey and by Arundel at al illustrates the extensive 
uncertainty which accompanies the results of these types of 
models. Large errors In the risk estimates are poasible in any 
type of mode 1 . Arundel et al provide a "sensitivity calculation* 
which indicates the effect of a 1% change in each parameter of 
the linear model on the final risk estimate. This is useful for 
determining the most Important parameters In the model, but does 
not replace scientifically desirable confidence limits. 

The PAR equation estimates the number of lung cancer deaths 
from us exposure using differences in risk observed In 
epidemiological studies. In this respect It 4* similar to the 
phenomenological model, but the number of lung cancer deaths 
from ets exposure is calculated uaing only three parameter*! the 
exposure rate in the population of interest, the relative rlak 
of exposure, and an estimate of the number of nonsmokeri In 1980 
(obtainable from the 1979/1980 HIS). Therefore, the PAR equation' 
appears to be a remarkably simple method for estimating the 
number of lung cancer deaths among nonsmokers from ETS exposure. 
However, neither the exposure rate nor the relative risk are 
known for the entire population of nonsmokers, The exposure rate 
could be estimated from HIS date on the employment status of 
nonsmokers and the proportion who live vith a smoker. 
Unfortunately, the relative risk cannot be estimated because 
most of the epidemiological studies on this problem only 
calculate risks for a subset of all nonsmokers (married women) 
exposed to a subset of sll possible exposures (spouse's smoke) 
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The relative risk la particularly difficult to obtain 
because the PAR method requires an estimate of the relative risk 
for the iwtrogt regularly exposed nonsmoker compared to the 
«ftragt unexposed nonsmoker. The relative risk must not be 
determined from a subset of the regularly exposed population of 
nonsmokers. Exposure should also be defined as cumulative 
exposure to all sources of ETS. 

An accurate method for estimating the lung cancer risk and 
the number of lung cancer deaths among nonsmokers from ETS 
exposure is of considerable interest. Repace and Lovrey's 
phenomenological estimate of the lung cancer risk for nonsmokers 
from ETS exposure is unstable end inaccurate. The evidence 
presented by Repace and Lovrey to support the plausibility of 
their estimate is based on several errors and unrealistic 
assumptions, without corroborating data from independent 
sources, little confidence can be placed In their results. 

The results of the linear extrapolation model by Arundel et 
al and the results of the best available epidemiological studies 
further Indicate that the phenomenological estimate is in error. 
Both predict an extremely small excess lung cancer risk from ETS 
exposure. Conversely, Repact and Lovrey argue that the 12 
epidemiological studies on ETS exposure support the plausibility 
of a significant excess risk from ETS exposure. However, vith 
one exception (for men exposed at work) (29), the observed risks 
•re statistically significant only when the analysis of exposure 
is limited to a comparison between female never smokers vho are 
currently married to smokers versus married to nonsmokers. 
Exposure may also occur at work or at home from other household 
members and from previous spouses. Therefore, epidemiological 
studies should examine cumulative exposures from all sources. 
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The best available epidemiological analyse*, by Roo et al (28) 
in Hong Kong and Garfinkel et al (30) in the United States, 
examine exposure from all aourcea. Neither find a statistically 
significant increase in risk, Garfinkel et al (30) also 
correlate cumulative exposure* from all sources over the 
previous five or twenty-five years against lung cancer incidence 
and find a negative correlation betvean an Increase in exposure 
and lung cancer. These enalyses of eueiulativs exposures indicate 
that an association between lung cancer among nonsmokera end the 
spouse’s smoking habit aiay be caused by confounding, not by RTS 
exposure . Confounding could occur either frost life-style factors 
and occupational exposures associated with active smoking or by 
unreported active smoking by self-reported nonsmokers (38). 
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